Approximately 500 000 children visit the emergency department (ED) annually for evaluation of head trauma, resulting in nearly 50 000 admissions and $1 billion in health care expenditures. [1] [2] [3] [4] Among children with minor head trauma and abnormal neuroimaging, skull fractures are the most common traumatic finding. [5] [6] [7] Children with isolated skull fractures, defined as a skull fracture without intracranial hemorrhage, are at exceedingly low risk for clinical decompensation. [8] [9] [10] [11] [12] Despite this low risk, hospitalization rates for children with isolated skull fractures approaches 80% nationally. 8 Because hospitalization is associated with increased cost, 8 as well as the potential for medication errors 13 and abstract BACKGROUND AND OBJECTIVE: Although children with isolated skull fractures rarely require acute interventions, most are hospitalized. Our aim was to safely decrease the hospitalization rate for children with isolated skull fractures.
METHODS:
We designed and executed this multifaceted quality improvement (QI) initiative between January 2008 and July 2015 to reduce hospitalization rates for children ≤21 years old with isolated skull fractures at a single tertiary care pediatric institution. We defined an isolated skull fracture as a skull fracture without intracranial injury. The QI intervention consisted of 2 steps: (1) development and implementation of an evidence-based guideline, and (2) dissemination of a provider survey designed to reinforce guideline awareness and adherence. Our primary outcome was hospitalization rate and our balancing measure was hospital readmission within 72 hours. We used standard statistical process control methodology to assess change over time. To assess for secular trends, we examined admission rates for children with an isolated skull fracture in the Pediatric Health Information System administrative database.
nosocomial infections, 14 children should be hospitalized only when indicated. Although some children with isolated skull fractures may require hospital admission for on-going symptoms or evaluation of nonaccidental trauma, [15] [16] [17] [18] outpatient care with close follow-up is a safe option for many. 10 At our study institution, the baseline hospitalization rate for children with isolated skull fractures was similar to the national average. 8 We hypothesized that we could safely reduce hospitalization rates without impacting quality of care. Our quality improvement (QI) aim was to reduce hospital admissions for isolated skull fractures by at least 20% over a 2-year period.
METHODS

Setting
We performed this study in the ED of a tertiary care children's hospital with ∼60 000 ED visits annually and a level 1 trauma center designation. The ED is staffed by board-certified pediatric emergency medicine physicians, general pediatricians, and pediatric emergency medicine fellows as well as pediatric and emergency medicine residents. Pediatric neurosurgical consultation is available 24 hours a day, 7 days a week at the discretion of the ED providers.
Study Design
We designed and executed a multifaceted QI initiative to decrease hospital admissions for children with isolated skull fractures between January 2008 and July 2015. We measured the impact of this QI initiative on rates of hospitalization for children with isolated skull fractures. Starting on August 1, 2013, we obtained informed consent from a parent or guardian to perform a single telephone follow-up. The institutional review board at Boston Children's Hospital approved the study protocol.
Study Patients
We included children ≤21 years of age who presented to the ED with minor blunt head trauma and an arrival Glasgow Coma Score ≥14. We identified all children with an ED discharge diagnosis of skull fracture (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] codes 800.00-800.09). We performed manual medical record review to confirm eligibility. We defined an isolated skull fracture as a fracture of the skull calvarium without concurrent intracranial injury or hemorrhage. We included skull fractures diagnosed by computed tomography (CT) scan or skull radiograph, even if imaging was performed before ED arrival. We included skull fractures diagnosed clinically (without additional neuroimaging) if concern for intracranial hemorrhage was low. We included children with other minor injuries that did not require hospitalization (eg, simple lacerations or uncomplicated extremity fractures). We excluded children with injuries that would require inpatient care, such as solid organ injuries, as well as children with skull fractures depressed greater than the table-width of the skull.
Data Collection
We reviewed the medical record of all eligible patients and abstracted clinical and demographic factors as well as patient management, including neuroimaging with results, specialty consultations, surgical interventions, and ED disposition. We reviewed all return visits within 72 hours of the index ED visit. Beginning on August 1, 2013, we performed a single standardized telephone follow-up 2 weeks after initial evaluation for children without suspected or confirmed child abuse whose caregivers had provided informed consent to assess the need for subsequent rehospitalization.
Outcome Measure
Our primary outcome was admission to a medical or surgical hospital service (including observation status) from the ED. Our balancing measure was hospital readmission, defined as a return to the ED with subsequent hospital admission (as defined above) within 72 hours of the index ED visit.
Intervention
Planning the Intervention
We designed a QI initiative for children with an isolated skull fracture as part of a larger effort to improve the care of children with minor blunt head trauma in the context of an ED quality program. 19 The objective of this program is the creation and implementation of local, evidence-based guidelines for common conditions and rare conditions with significant morbidity and mortality. The goals of these guidelines are to increase evidencebased care and decrease care variability. The aim of our skull fracture QI initiative was to reduce hospital admissions by at least a 20% absolute reduction from baseline and to sustain this reduction. Because there was no benchmark admission rate, we chose 20% as a meaningful, but obtainable goal.
Key Drivers
To this end, we identified the following key drivers of care in the following domains: high quality evidence, provider compliance, shared awareness, and parental acceptance (Fig 1) . We identified key drivers through brainstorming with stakeholders. We targeted these key drivers in our 2 QI interventions.
with minor head trauma that included specific guidelines for the management of isolated skull fractures (Supplemental Fig 5) . Routine neurosurgical consultation was not suggested. Social work evaluation was recommended for any child when there was concern for nonaccidental trauma, especially for children under 2 years of age. The guideline recommended that children with a normal mental status, a nonfocal neurologic examination, no on-going symptoms, and low concern for nonaccidental trauma should be discharged from the ED with close primary care follow-up. Although the published evidence does not support differential management, 12 we recognized the difficulties in assessment of the youngest infants with skull fractures. This, coupled with analysis of provider acceptability, led to suggested hospitalization for infants under 2 months of age, although we included children of all ages in our analyses.
We developed the evidence-based guideline in an iterative process with involvement of key stakeholders from multiple disciplines, including ED physicians and nurses, neurosurgeons, and social workers. After initial development, we held educational conferences for divisional faculty, fellows, and nursing, highlighting current evidence as well as institutional experience. Feedback from this session was then used to refine the guideline. In October 2011, the guideline was made available in all of the patient-care areas, in an easily accessible online library, and nested within the electronic medical record "Minor Head Trauma" order-set used to order neuroimaging studies. To reinforce awareness of, and compliance with, this guideline, we held multiple educational initiatives, sent electronic reminders, and provided biannual department-wide updates.
Provider Survey
We designed a survey to be completed by every ED attending provider caring for a child with an isolated skull fracture. Starting in August 1, 2013, attending providers were surveyed at the time of admission regarding decisionmaking. We developed the survey to reinforce awareness of the evidence-based guideline, increase guideline adherence, and understand barriers to guideline adherence while identifying focus areas for future QI efforts. We used standard QI science statistical methods to monitor the impact of our QI interventions on hospital admission rates over time. We used a p-chart with control limits set at 3 σ. 20 Given the number of children with isolated skull fractures, we selected a quarter of a year (ie, 3 months) as our primary unit of time. We used standard statistical process control methods to determine if changes in hospitalization rates were attributed to natural variation (ie, common cause variation) or the result of our interventions (ie, special cause variation). Second, we used a cumulative summation (CUSUM) chart to examine the effect of our initiative on the total number of admissions prevented. The CUSUM methodology allows detection of small changes in outcomes over time, much earlier than they would be detectable by using standard process control methods. 21 We chose this methodology given the infrequent nature of isolated skull fractures and our desire to rapidly assess the effectiveness of our interventions.
Methods of Evaluation and Statistical Analyses
Next, we investigated whether national hospital admission rates for children with isolated skull fractures had changed over the study period. For this comparison, we used the Pediatric Health Information System, an administrative database that contains inpatient, ED, ambulatory surgery, and observation encounterlevel data from >45 tertiary care pediatric hospitals. 8, 22 For this study, data from 37 hospitals that provided reliable ED data for each of the years in the study period (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) were included. We identified all children ≤21 years of age with an ED primary diagnosis code of skull fracture (utilizing the same ICD-9-CM codes as above) without a concurrent diagnosis code for intracranial injury (ICD-9-CM codes 800.1-800.9X and 801.X-804.X). 8 Using a general estimating equation with clustered robust SEs to adjust for study center, we compared trends over the study period in hospital admission rates after adjusting for patient age.
We used ChartRunner Lean (version 3.0; PQ Systems, Dayton, OH) for creation of the statistical process control charts and Stata (version 12; Stata Corp, College Station, TX) for the CUSUM charts. We used SPSS (version 22.0; IBM SPSS Statistics, IBM Corporation, Armonk, NY) for other analyses.
RESULTS
We identified 438 children who presented with a skull fracture, of whom 117 (27%) were excluded after manual medical record review. Among the 321 included children, 183 (57%) presented during 1 of the 18 preimplementation quarters and 138 (43%) presented during 1 of the 15 postimplementation quarters.
First, we compared the demographic and clinical characteristics of children presenting in the preimplementation and postimplementation periods (Table 1 ). In the postimplementation period, fewer children had public insurance. As recommended by the evidence-based guideline, the frequency of neurosurgical consultations decreased in the postimplementation period. The proportion of children with an isolated skull fracture who had evaluation by the social work or child protective teams was unchanged.
We next examined hospital admission rates over time. Baseline hospital admission rate at our hospital was 71% (95% confidence interval, 66%-77%). Using standard statistical process control methodology, the hospital admission rate did not show special cause variation immediately after guideline implementation; however, we observed a 24% reduction after the addition of the provider survey (Fig 2) . Analysis by the CUSUM method shows that hospital admissions began to decline immediately after implementation of the guideline, and this trend continued over the study period, leading to 48 potential admissions avoided (Fig 3) . Overall, admission rates were similar for children across age groups (58% for <2 years vs 61% for ≥2 years, P = .18).
After beginning our second QI intervention, we completed telephone follow-up interviews with parents/guardians of 54 of the 75 (72%) eligible children with an isolated skull fracture. Using a combination of medical record review and telephone follow-up, we did not identify any child who required hospital readmission or neurosurgical intervention.
To evaluate for secular trends, we examined hospital admission rates for children with isolated skull fractures presenting to the ED of 37 comparative pediatric hospitals (Fig 4) . After clustering by hospital, we found no change in hospital admission rates at comparator hospitals over time (adjusted odds ratio 1.01; 95% confidence interval 0.99-1.04).
Finally, we report the indications for hospital admission collected on the attending provider survey (Table 2) . Young age was the most common primary indication, followed by request by a medical or surgical consulting service. Child protective or social concerns were the primary indication for hospital admission in 9% of patients. Although admission rates for patients transferred to our ED decreased between the preimplementation and postimplementation period (84% vs 59%, P = .001), transfer with expectation of admission was the primary indication for admission in 29% of children in the postimplementation period. Taken together, the primary indication for admission diverged from our evidenced-based guideline for 25% of children. 
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DISCUSSION
We designed and implemented a QI initiative for the management of children with isolated skull fracture in a single pediatric trauma center. Our QI efforts were associated with an ∼25% reduction in hospital admissions without a concurrent increase in 72-hour readmission rates. Admission rates for children with isolated skull fractures at other similar pediatric institutions over the same time period remained constant, supporting the conclusion that the reduction we observed was due to our QI efforts and not the result of a national secular trend. One-quarter of children admitted for isolated skull fractures meet criteria for outpatient management, suggesting further reductions in hospital admission rates may be possible.
Most children hospitalized for isolated skull fracture are discharged within 24 hours, and few require any acute interventions. [8] [9] [10] [11] [12] Among children with isolated skull fractures who had repeat neuroimaging, few had additional traumatic findings 12 and none required further neurosurgical intervention. 9, 12 Similar to previously published data, none of the children in our study required any acute interventions, and the majority of hospitalized children were discharged the following day. The direct health care cost to care for a child with an isolated skull fracture is significantly higher for children who are hospitalized when compared with those who are discharged. 8 Although we did not perform a costeffectiveness analysis, a reduction in hospital admission rates could significantly reduce the costs to care for children with isolated skull fractures.
The baseline hospitalization rate at the study institution was similar to the national average (80% at pediatric centers). 8 Recent studies have reported a slightly lower admission rate, but excluded children transferred to a tertiary hospital after neuroimaging was performed. 12 Approximately half of our patients were transferred to the study site ED with neuroimaging obtained at the referring institution. Parental and provider expectations often impact the subsequent care at the referral center. 23 Clinicians caring for children with isolated skull fractures must carefully consider the possibility of nonaccidental trauma. The American Academy of Pediatrics recommends hospitalization for children undergoing evaluation and treatment of suspected abuse or neglect. 24 However, reported rates of inflicted injury among children with an isolated skull fracture vary widely. 15-18, 25, 26 Many children with isolated skull fractures do not undergo further evaluation for nonaccidental trauma, and additional fractures are identified in only a small fraction of those undergoing skeletal survey. 16, 17, 26 Importantly, the majority of children with confirmed nonaccidental trauma were under 6 months of age, with at least 1 concerning factor on history and physical examination.
Red flags for child abuse include e5
FIGURE 2
Statistical process control chart (p-chart) showing the hospital admission rate for children with isolated skull fracture over the study period.
by guest on September 23, 2017 http://pediatrics.aappublications.org/ Downloaded from delays in seeking care, unknown injury mechanism, changing history, bruises, or complex skull fracture. 16, 17 Although children with suspected inflicted injury require additional child protective evaluation, children with an isolated skull fracture and no red flags may be safely managed without hospital admission.
We learned many valuable lessons from our QI efforts that may be generalizable to other centers. First, as children with isolated skull fractures are encountered relatively infrequently, robust, locally-sensitive implementation of an evidence-based guideline may be an effective way to change practice, as individual provider clinical experience may be limited. In a previous study of 88 children with isolated skull fractures, the introduction of an evidence-based guideline was associated with a reduction in hospital admissions. 27 Second, involvement of key stakeholders from all of the typically involved clinical disciplines improved the uptake of the new guideline. For our guideline, we involved individuals from nursing, neurosurgery, and social work to gain critical support for standardizing care for these patients. Third, we learned the importance of frequent updates and ongoing provider education about the care of children with infrequent conditions. Lastly, we also note the value of using complimentary QI tools for analysis. The addition of the CUSUM methodology allowed us to detect improvement earlier in the initiative.
Importantly, implementation of our QI initiative was not without challenges.
First, during guideline development, key stakeholders expressed concerns about discharging the youngest infants with skull fractures. We modified the guideline to suggest routine admission for these infants to increase provider acceptance of the guideline. Second, the skull fracture QI initiative was embedded in a minor head trauma guideline (on the second page), which focused on initial CT decision-making. 28 Because isolated skull fractures occur much less commonly than minor blunt head trauma, increasing provider awareness of the guidelines for children with isolated skull fractures created a challenge. Once we identified this barrier (the second page effect), we held focused educational sessions e6
FIGURE 3
CUSUM: hospital admissions prevented over time.
by guest on September 23, 2017 http://pediatrics.aappublications.org/ Downloaded from for the providers, increased frequency of electronic reminders, and designed a provider survey to increase awareness of the skull fracture guideline. We developed the provider survey to reinforce and increase guideline awareness of the evidencebased guideline. Additionally, data gathered from the provider survey are being used to understand barriers to practice change while identifying focus areas for future interventions.
Our study has limitations. First, because our QI initiative occurred at a single center, our results might not be generalizable to other EDs. Because our institution has a robust ED-based QI program with considerable provider buy-in, implementation of a similar program outside of this context may be more challenging. Second, because we did not perform telephone follow-up interviews for all study patients, we relied on medical record review to identify hospital readmissions. Although we may have missed children who returned to an alternate hospital, no child reached by telephone follow-up sought care at another hospital. Third, we are unable to determine whether any discharged children with isolated skull fractures had undetected child abuse. However, the rate of child protective e7
FIGURE 4
Trends in quarterly hospital admission rate for children with isolated skull fractures at Boston Children's Hospital and the 37 other hospitals contributing to the Pediatric Health Information System administrative database. evaluations and of skeletal surveys was unchanged, suggesting continued provider vigilance. Lastly, although no child with an isolated skull fracture required neurosurgery, our study was not powered to detect these rare events. However, in a previous examination of almost 4000 children with isolated skull fractures, only 1 required neurosurgery, demonstrating the rarity of these events. 8
TABLE 2 Indications for
CONCLUSIONS
We created and implemented a multifaceted QI initiative that included an evidence-based guideline developed with key stakeholder collaboration as well as a provider survey. Through this initiative, we safely reduced hospital admissions rates for children with isolated skull fractures without an increase in hospital readmission.
